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A review of the past
liquid wastes at the

- EW- 9671,

ABSTRACT

and present methods of underground disposal

Hanford Works is given.

A general picture of the geology of the region 
is presented with

localized spots used for waste disposal being described 
in detail.

The results of the program in the 200Ajest Area indicate 
that the

plutonium and fission products in the rastes are removed within a

relatively short distance of the cribsi that the 
plutoniu is re-

moved froi solutions closer to the cribs than the fission 
products;

that the contamination so removed is lrgely deposited 
on the

surfaces of the sand grains, from which it is not readily 
washed;

and that the contamination is concentrAted from the 
solutions on

the grains. A total of 18,000,000 gallons of waste were discharged

into these cribs and a few dry or reveTse wells In 
the 200.West

Area up to December 1, 19Jf7.ThiS waske contained about 3'300 
grams

of plutonium and more than 50 curies oF fission 
Iroducts, none of

which is known or believed to have pen tiated to the 
water table, from

the disposal practices in the 200-West Atea.

Results to date indicate that such disposal can be carried on over

a long period of time. Observations over a period of several years

are necessary, both in this and other eas, before final ponOlusionq

can be made however. Experiments in both the laboratory and in the

field arecontinuing, which when completed will Aive a much more con-

clusive answer to the problem.

The desoiption of the methods of drilling, sampling and analyzing the

information are given.

The abstract on Page 1 of Document fw-9671, dated May 3, 1948,

entitled "Underground Waste Dispos~l at Hanford Works by

R. E. Brown and HU G. Ruppat is misleading in one respect.

It states that 3,300 grams of Plutonium were discharged to the

ground in a total of 18,000,000 gailons of waste. This figure

of 3,300 grams of Plutonium should be regarded from tpei point

of view indicatod in the last two taragraphson Page-15)of the

subject report. Y

N[wE INSTUENT DIVISION
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INTRODUCTION I

Originally, it was planned to contaia all highly active wastes in

buried tanks taking all feasible precautions t& inhibit tank tail-
ure and-to dispose of the mildly active, so-called Class 4, wastes

by seepage and evaporation on the ground surface. Dr. B S. Stone,
Dr. S. T. Cantril and H. M. Parker very early called attention to

the hazard which might result from t e drying up of such seepage
areas leaving active material on the ground sufface from which it

might be widely spread by the wind. It was then decided to dispose.
of significantly active wastes in reverse or dry wells which had

been provided for low level wastes. These wells varied in depth

from 150 feet to 300 feet. The usefjllness oftthese wells for

handling large volumes of process wastes was questionable due to

plugging of the wells with solids. In addition, it was realized

that the injection points were,in scae cases, within 100 feet of

the ground water table and. the radioaotivity of the liquids was

ten times as concentrated as originally estimated. The reverse

wells are now regarded as a definite mistake and disposal into
buried cribs haben mawt-t-4hA

These cribs are approximately 12 feet square ard 3-6 fee high and
consist of a network of 6" x 6" timbc rs. The top and sides are
then wrapped with heavy tar paper before burying at depths of 15
to 25 feet.

Laboratory investigation has confirmed the original hypothesis
that the most dangerous element (Plutonium) was retained'by the
soil and has brightened the outlook for similar disposal of more
active wastes. In the 200 Areas the jpeculiar geological conditions

which support the crib method of disposal are _1) a general depth

of 2501- 300 feet to the ground watet table, .) a thick series of

unconsolidated river and shallow lake sediments,and, 3) a

considerable distance from the point of dispposal to points of use
of the ground water or river water f r dome-sti purposes

In late7 1946 a report was prepared t6 estimate the cost and feasi-
bility of a well drilling program that would develop information
on potential hazards originating frca past and-jjresent methods of
waste disposal to ground and from the proposed discharge of second
cycle wastes to the ground.

a
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Consultive advice was solicited and received from the U. S. G. S.
prior to the submission of the forma[l Project Proposal. After
approval of the Project by the A. E. C., a geologist was added
to the staff and. the work has proceeded under his direction with
consultatory help from the U. S. G. S.

The following report is -the result of the first phase of the
program to discover the long range feasibility of underground
waste disposal. The report is limitbd to the 200-West Area
because the drilling program was largely completed there except
for a few current and future experim nts. Future work in this
and other areas will be described and3. discussed in later, reports.
Tho first phase of the drilling covered by this report was to
determine what had happened to the westes put into the ground.
Future drilling is aimed at discovering the manner and means by
which the wastes are diseipated with n the sediments.

K - V
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PREVIOUS WORK

Published information on the underground waste disposal of liquids
is very scanty, particularly in regard to the purification of
industrial wastes by underground peroblation. Purification of
sewage, and purification of raw river water fat domestic use by

means of underground percolation have been successfully accomplished
_/ , but detailed. information on the methods or--means by which the
purification was accomplished is not available. As late as 1947,
0. E. Meinzer 2/ said:

"A subject of groat practical importance is the contamination
of- ground water with bacterial pollution and industrial wastes,
and the capacity of the water-be&ring materials to screen out
or :eliminate the bacteria and other objectionable substances.
This is a borderline subject that has not received adequate
systematic study by either the sanitary eng-ineers or the ground-
water hydrologists and on which coordinated effort is needed.
Various methods for attacking these problems are available.
Recently valuable results have been obtained in studies of
wells that are supplied by water derived from nearby polluted.
streams, and these installations prtvide tie means for further
study".

Numerous reports have been written on the charging of the ground
water system by the use of dams, ditcles; basinoj and shafts and
wells, but few of these reports deal with anything but the quanti-
tative effects on the ground water systom. None were sufficiently
detailed-in regard to the manner, the speed or Ehe means by which
the water moved from the charging unit to the water table to be
of value to the waste disposal problem at the Hanford Works. More-
over, the specific problem at the Hanford WorksIs not, primarily,
of the movement of the waste liquids, u of the_ behavior of the
radioactive suspensions and solutions within the liquids, and of
their action on and within the sediments. The amount of waste liquid
being diacharged into the ground is quhntitatively unimportant, and
can have but little quantitative effec on the ground water systom.

1. Scheelhaase, Dr., Producing Artific.a1 Ground Wzter at Frankfort,
Germany, Eng. News-Record, p. 174, uly 31, 1924.

Riedel-, C. M., River Water Used at frsden to Increase ground-Water
Supply, Eng. News, vol. 112, pp. 56 -570, May 3, 1934.

2. Meinzer, O.E., Suggestions as to Future Research in Ground-Water
Hydrology, Trans. Amer. Geophys. Union, vol. 28, no. 3,Ip. 420,
June, 1947,

DECIMSi~:

-It-.-



DWLAssjgjw
Pageq

HW- 9671

Thus certain fundamental facts had t> be detetiinod, not the least
of which was the detailed geologic picture of the subsurface con-
ditions at the plant sites.

Previous geologic work in the area includes four published reports,
of some value to the basic research involved in the study, but none-
of Immediate and direct value. Thee reports are as follows:

1. Waring, Gerald A., Geology And water resources of a Portion
of south-central Washington; U.S. Geol. Survey Water Supply
Paper 316, 1913.

-- I

2. Kocher, A.E. and. Strahorn, A.T., Soil survey of Benton
County, Washington: U. S. Bureau of Soils, 1919.

3. .enkins, Olaf P., Undergrou* water supply of the region
about White Bluffs and Hanf rd: State of Wash., Dep't.
of Conservation and Development, Div.~of Geology, Bull.
26, 1922.- - I-

4. Culver, H.E., Abstract of the report (by Solon Shedd) on
the geology and resources of the Pasco and Presser quad-
rangles (Wash.): Washington Depit. of Conservation, Div.
Geology, Rep't. of Investigations, No- 1, 19>6.

None of-the above reports are the result of detailed field work,
all are general in nature. Two early project reports were of
considerable value in outlining the Primary phases of the investiga.
tion to determine the feasibility of undergrouii waste disposal.
These are:

1. Gillson, J.L. (geologist, E.4.duPont de Nemours and Co.),-Underground conditions at Hanford affecting disposal of
industrial wastes: Hanford Wprks classified report,
Project 9536, March 10, 19441. 1

2. Piper, A.M. (formerly distribt geologist, Ground Water
division., U.S. Geological Suivey), Disposal of wastes
from the Hanford Engineer Works (Project 9536, Hanford,
Washington: Hanford Works o ssified report, April 10,1944.

These two reports were used as a guid9 in the exploration work,
and the recommendations in them were modified, amplified or dis-
carded as work progressed and as detailed geologic information
accumulated.

k4tJ h~
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Numerous other geologic reports have beon published on the general
region or on minor features within the region, but these reports
are either so general in scope or so limited in content as to be
valuele-s to the immediate problem of waste disposal.

Object -

Little published information is known to be available concerning
the disposal of wastes underground, Or the mainnier or means by
which pollution or contamination is removed from liquids percolat-
ing or seeping through soil or sediments. Therefore a great deal
of information had to be obtained, as outlined in the Introductionp,
and. which is summarized below.

1. To determine what has happened to radioactive wastes
already placed in the ground through reverse (dry) wells,
subsurface cribs, and trenches.

2. To predict, on the basis of linformation obtained from
Object 1, where the plutonium and fission products wstes
will go that have already been discharged underground,
and where any similar wastes will go that may be dis-
charged into the ground in the future, in the 231 area,
the 241-T area and the 3614 area,

3. To determine if higher activity wastes than have been
discharged underground can be safely disposed of in a
similar manner,

4. To determine if underground waste disposal is feasible
over a long period of time, particulaly in the areas
under discussion. -

5. To compare the relative efficiency of absorption of re-
verse (dry) wells, subsurfa e cribs aid trenches.

6. To obtain all the geologic information possible
coincident with the drilling, so that-as much might be
known as possible about this not too-_well studied area.

EQUIPN4E1T AND METHOJS EMPLOYED -

Drilling Machines and Equipment

Seven No. 70 Speed Star standard per4ussion well-drilling machines
with the necessary operating tools were-obtained. Each machine
included a folding mast or derrick, A two-line hoist, one line for
operating the drilling tools and the other foroperating the bailer,

!
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a spudder for raising and dropping t*e tools, and an engine for
power. Drilling consisted of alternately raising and dropping a
heavy bit and drill stem to break thd rock and~looson the material
in the well. This loosened and brokdn rock, known as "drill cuttings t ,
was then removed from the well with 4 standard dart bailer. All
wells were casod, because practice showed that the unconsolidated
sediments underlying the Hanford Worls area would not stand long
without support. Standard 8-inch casing was ui-d, and was driven
down the well as drilling progressed by means of drive clamps
fastened to the drill stem.

The maximun number of drilling machinies in operation at any one
time was six; the seventh rig was kept in standby condition.

Personnel

An operating crew of 16 men was required for the maximum of six
operating drilling rigs; a driller add helper for each maohine, two.
men to assist in moving the equipment and hauling supplies, a clerk?
and an operating supervisor. The Health Instrument sampling crew
consisted of one man for every two dilling rigs. Health Instrument
supervision consisted of a supervisoz4 and an efigineer-geologist whose
duty was to ocampile and correlate the information from the drilling
logs, the samples, and the sample anclyses.

Safety Precautions

Hard hats, leather gloves, and safety glasses Vbre worn at all times
during drilling. Special coveralls and rubbers were also worn in
areas where a possibility existed of striking radioactive contamina '
tion in drilling. - -

Sludge boxes were also designed and built into which the drill cuttings
and water were emptied from the bailer. The bailings were then wat t-
jetted into a sump, 50 to 150 feet away; This procedure prevented
the spread of radioactive contaminaton during drilling in contamin4ted
zones, and also kept the drilling area clean ai)d free from mud, it-
self a safety hazard.

The shoes and gloves of the operatine crew were checked periodically
with monitoring instruments, and the drill bit was carefully surveyed
each time it was removed from the wei4. Similarly, the drill cutti s
were checked with portable instruments before samples were taken. A
outer surfaces of the equipment were surveyed for radioactive con-
tamination on completion of drilling in one area, and the open ends!
of the sludge disposal pipe and the bailers were wrapped in paper.
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Drilling Plan for Each Site -

A number of factors were considered in the planning of the drilling
program at each site. The type of disposal unit, the locationof
underground pipe lines, and an estimdte _of the activity and the
amount of solution discharged into the waste disposal unit were all
considered. Three wells were then located about the waste disposal
unit, equidistant from the unit and 1200 apart. These initial wefll
were drilled to depths of 150 feet. 4ddition~ wells, located on
the basis of information obtained from the first three wells, were
then drilled to more accurately delimit the zone of radioactive
contamination, These wells were gene'ally drilled to a depth of
ten feet below the zone of contaminatIo.n. One _ell in each general
area was also drilled into the zone of ground water, to obtain in-
formation on the type of sediments underlying the area to the water
table, to permit sampling of the wate4 for radfiactive contamination
and to obtain inforration about the g$ound water system, 'The battern
of drilling was governed by the consultative guidance of the Ground
Water division of the U, S. Geological Survey, Portland Office.

Sampling Methods

Two one -int samples (original and duplicate) were taken at five-
foot intervals from every well drilled. Similar samples were taken
at one-foot intervals where contamination was suspected or kIown to
exist. When the well was drilled to 6ampling depth, the bit was
raised and held above the casing so tat the water on the bit drained
back into the well. The bit was carefully surveyed for contamination
and then moved out of the way, and a bailer of drill cuttings obtaind
from the-well. Two one-pint samples were takenfrom this material
and placed in standard wide-mouthed glass, ointment-type jars, with
screw-type lids. Part of one of the samples was then analyzed accord_
ing to the field procedure outlined below. tabels were attached to
the jars with the well number, depth Sf sample,-date and time of
sampling, and initials of person sampling. The well was qarefully
bailed dry, following sampling, if cor taaInation was either suspected
or known to exist, in order to prevent contamination of the samples
lower in the well.

sample Analysis I-

Field check: The field analysis was u e4 to det ct contamination in
amounts requiring safety practices abo e and beyond the standard pre-
cautions in use in ordinary danger zones and as a rough oheck on the'
laboratory analyses. The levels of radioactivity used in the studyof the contaminated zones were all ob ined from careful laboratory
analyses,

DECIASS
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The following equipment was used in the field analysis of the samples:

1. Geiger-Muller tube 4. Pan balance (0.1 gram sensitivity)
2. Standard alpha counter S. stainless steel plates (1--inch
3. Infra-red ray lamp diameter)

6, Forceps and spatula

The procedure outlined below was followed in the field analysis of
the samples: -

1, Stainless steel plate was weighed
2. One to five grams of drill cuttings were placed on the

plate and thoroughly dried under the infra-red ray lamp
3._ A one-gram sample of the drill cuttings (dried) was

selected, and the weight reiorded.
4.- The sample was counted in the standard alpha counter for

one minute, and the result tecorded in disintegrations
per minute per gram. -

5.= Sample was counted on the Geiger-Muller tube for one minute
and the beta-gamma count recorded as counts per minute

- per gram at reproducible geqmetry.

Drilling proceeded if the field check indicated less than 100
microcuries of fission products per kilogram of sample and less than
100 micrograms of plutonium per kilogram of sample. Drilling was
stopped until additional safety precautions were taken if either
analysis exceeded the above figures. -

Laboratory Analysis - --

A more sensitive and accurate analysis of the radioactivity of the
drill cuttings was made in a chemical laboratory. This analysis
was similar to that of the field choc , except that the samples
were counted using a mica-window tube on the beta-gamma counter.
This type of instrument has a geometry of apprdximately 13 percent,
instead -of the one percent of the instrument used in the field cheol.
The plutonium analysis was made by ch~mically extraoting the plutonium
from a 10-gram sample of drill cuttings and counting the resulting
concentrate in a standard alpha count r.

Sample Storage

All samples were taken from the laboratory and field to a central
storage building. The sample jars were cleaned, relabeled, and the
labels protected with clear lacquer. The jars were then stored on
shelves so designed that all samples are easiI -accessible and visible.
Samples contaminated with fission proiucts were marked with a strip
of blueBcotch tape; those with plutonium contamination were marked
with a strip of red. -
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Some trouble was experienced in the storage of the samples, in
that those samples containing clay or silt developed considerable
growths of several kinds of algae. This could have been prevented
by drying the samples at the time they were taken, but such a
practice would have been hazardous in view of the plutonium and
fission products contamination present in same of the samples..
Accordingly, all samples were stored wet. Those samples that de-
veloped algal growths, and which laboiatory analysis indicated as
free from radioactive contamination, were air dried, in which the
jars were opened on the storage shelves. Care as taken that air
currents did not :materially disturb and carry away the algae as it
dried.

:' /

Campilation and Correlation of Information

The method of defining the limits of contamination around the waste
disposal units follows closely the method used in defining the ore
bodies in mining areas, and in the campilation and correlation: of
information about them. Each sample Pas carefully examined megascop -
ically, described with all data that might be pertinent, and plotted'
on a graphic log. The geologic log w s then compared to the drilling
log and additional pertinent informat$on added. Stratigraphic and
lithologic correlations were made between wells; after which numerous,
accurate geologic cross sections were drawn through the crib areas.
The contamination was then plotted as to type, location, and in-
tensity in each well, so that an accuirate correlation could be
made between the type and attitude of the sediment and the extent
and intensity of the plutonium and fission products contamination.
Assay sections, plans, and contamination intensity curves were also
constructed, and contamination contourts (isodoses) were located and
drawn. (see plates 2, 5, 6, 8.) The 4ecrease in intensity of con-
tamination both downward and outward frcm the cribs was thus determined
and the probable limits of contamination determined by projection of:
the curves of intensity correlated with the shape of the dontaminatidn
zone. Holes drilled on the basis of sich projection in the 361-T
area demonstrated the applicability ofi the method for both the plu-
tonium and fission products contamination, and showed that both the
thickness and intensity of the contamination can be roughly predicte.,
However, the contamination picture is bviously-correct only at the
time of drilling, and migration of the contamination is not only
possible but probable, even though no dditionaf wastes maV be jetted
into the _crib. Such migration is belikved to be small in amount,
but careful observation for at least a year, in addition tp nuerous
laboratory experiments, may be necessaty to determine how well
fixed the contamination is and how much migration may be expected
in the future. -

Wow
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PROGREgs

Drifling in the 200-West Area began with the 231 Area. The first
well was started March 25, 1947. On October 24, 1947 the last well
in the 241-T Area was completed, thud completing the planned program
in the 200-West Area. During this period, a total of 47 wells were
drilled- as follows:

Area Wells I Total Depth No.Samples
in Feet

23 I

No. 1 crib 8 1291 270
Well 231--W-150 32 t 10

231 Total 11 1816 480

361-T 13 1495 656

241-T
224-T (201 tank

crib) 8 10)5 386
2nd cycle crib 17 482

2004

In addition, three wells, each 150 fet deep, were drilled adjacent
to the 231 waste disposal trenches. These wells, although not on
projects 0-120 or 0-133, added to thelinformation obtained from those
projects, and demonstrated that contamination to date was not spread-
ing north of the trenches toward the ?41-Tx tank farm.

Standard operating procedure had to be revised only once, in well
361-T-6.- Both the fission product and plutonium contamination ex-
ceeded the safe operating limits of 100 microcuries per kilogram of
sediment and 100 micrograms per kilogkam of sediment respectively,
so that a revised method of sample takcing became necessary. The bit
and bailer, when withdrawn from the we11, were held over the casing
and allowed to drain back into the well during the time necessary to
survey them for contamination. Then, when either was moved away from
the casing, a bucket was held beneath ithem to catch any water that
might drip and that might be contaminated. Muck greater care was
also exercised in the taking of the samples. Individual cardboard
funnels were used with each sample to lfill the jars and were then
discarded in a contaminated waste carton. The well was carefully
bailed dry between sampling and drilling, in order to prevent the
downward. spread of contamination during drilling. The water level
in the well during drilling was also a4intainedat a depth of 5
or 6 feet, instead of 10 or more, so that the bailer would fill only
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about half full of water during bailin operationis. Splashing of

contaminated water from the top of thelbaiier was thereby eliminated.

The bit and bailer used in well 361-Tf were found. to be highly con-

taminated. during and as the result of drilling in the highiy con-

taminated zone, but during the drilling into the less contaminate&

sediments the contamination was worn otf. No contamination was de-

tected on either bit or bailer by the 'ues of standard instruments

by the time the well was completed.

The operating procedures outlined above and in the preceding sections

proved adequate and satisfactory in nearly all respects. The program

was completed with no significant radiation exposure to personnel, and

with no detectable spread of contaminationo

SUMMAEY OF RfSUITS

Spread and Intensity of Contamination -

The results of the use of the waste disposal units are sumliarized

on the accompanying plates and in Table 1. The plutoniun was generally

sorbed (absorbed and/or adsorbed) by the sediments and remioved from

the solutions within a short distance of the crib, in contrast to the

fission products, and in no case was found at a depth greater than

34 feet below the bottom of the crib, Its lateral movement was also

less than that of the fission productg in any oi area drilled, and

was generally more predictable and regular in extent. This greater

irregularity in the fission products §ontamination is probably due at

least in part to the large number of tadioactive elements present in

the fission products waste liquids. Some of the radioactive elements

are undoubtedly removed from the solutions and suspensions with the

plutoniu-m, but others probably remain in solution for a much longer

time and are removed frcm the liquids only at greater depth and

distance- from the crib, owing to reas s as yet -only partly under-

stood. laboratory determinations are being made of the specific

fission products present at different depthe in the 361-T area

contamination zone to confirm this idea. If such a natural separation

is clearly confirmed and defined, the extent of the zone of fission

products ground contamination can be limited in future waste disposal

areas by plant separation and removal of those fission products re-

maining in solution for the longest t/me and migrating the greatest

distance from the waste disposal unit* Thus, areas believed to be

not suitable for underground waste di posal could conceivably be
made suitable by changing the character of the waste solutions.
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The results of the
as follows:

Area

doposition of the oitamination are summarized

Plutonium contamination Fission products contim-
i_ ination

Depth 1e1ow Lateraf Depth fBelow lateral
Crib bpread Crib Spi'dad

231 32 feet
361-T 20 feet
241-T 34 feet

(224-T or
201-tank crib)

193 feet
45 feet

197 feet

None present
f07 feet
28 feet

95 :eet
280 feet

This more restricted movement of the plutonium is extremely signific nt,
for it strongly suggests that the plutonium will be removed from the,
waste solutions well above the water table. The fission products,
although they may migrate to the water table in some instances, create
a far less serious problem, for not only are they less dangerous, but
because some of them have relatively short half lives, the total act-
ivity of the fission products in the ground water will be greatly re,
duced by the time the ground water has moved to areas where it may be
used by living organisms.

Table I indicates in a general way the effectiveness of the sediments
in removing contamination from the waste solutions and suspensions,
The total amount of plutonium and fission products in the ground was
calculated, using the sample assays, p.an maps, cross sections, con-
tamination curves and contamination contour (isodose) maps and sections.
The method used was identical to that jsed in the determination of tlie
grade and volume of an ore body in a mnne. In Table I, the amount of
radioactive material discharged into the crib or other unit as calou,ated
from the -assays and maps and sections is referred to as the "calculated"
radioactivity. The amount of radioactivity discharged, on the basis of
tank analysis and amount of liquid jetted, is referred to as the
"recorded" radioactivity.

A few facts are well demonstrated by the Table I The amounts of plu
tonium and fission products in the gron4, as calculated from the asspys,
plan maps, sections, and contaminationlcontour i*ps were generally
considerably below the amounts recordea as discharged into:the units. The
contamination zones were believed to b well delimiated in every case'.
at least to a degree well within the difference in the calculated and
recorded amounts of plutonium and fission products within the ground.
An analysis of the apparent reasons fo the discirepancies is of interest.

SI-A
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TABLE I

Summary Figures, 200-West Area Waste Disposal Units December 1, 1947

Total Volume
Waste in Gals.

Rate in Recorded radio- Calculated
gal/Min- activity (Amts.

ApproX.)
Radioactivity

Calc./recorded
Radioactivity

231-W-150
(reverse ell)

231-w #1 and 2
crins

(See page 15)
2-31-W trench

241-T #1 & 2

Tank Cribs)

S(2nd- cycle)

COM
241-T-361 A

(reverse well

361-T #1 & 2
Cribs -

6", 1501 deep

120'x-2'x

1502 8 1 2 '

260,000

7,100,000

2,500,000

20 100 g. Pu

100

100

12'12_24 1,200,000 100__

8". 206' deep-3 oooooo

2 x12' I' 2,300,000

18,000,000 gallons

3000 g. Pu

10 g. Pu

None found at
15 ft. radius

0.5 g. Pu

None found at
60-ft. distance

___2 - u-- --7-g,-Pu-- - --
3 c. F.P.. 2 o. F.P

2 g. Pu 'None Ifounddat i
3 G. F.P. #1 Well 20 ft.

beneath crib

1/600o

No sealed
with sludge

No, sealed
with sludgq

-2 -- -- ---
2/3 Yes

, kjvaiting
- - on casing

sampler

- Og. Pu-- area not
25'+.F.P. drilled

100 1 150.g. Pu 25 g. Pu
-- a. F.P. 21 c. F.P.

3400 grams Plutonium
50 cvries fission products

1/6

No, sludge in
tank
Yes P

H I

M

Unit Size In Use

.1 1 1 .

V
io
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231-Area

No plutonium was found in any of the' samples from the three wells irilled
in the -231-W-150 reverse well area These three wells were drilled to
depths of 175 feet, 25 feet below th -ottom S~f the reverse well, And
only 15 feet from the reverse well. Contamin-tion may have channelled
out laterally from the well and not been detected by any of the three
test wells, but the rate of dlischareb (20 gallons/minute) was so low
that all the liquid could have moved downward _and never reached the area
drilled. Moreover, the relatively smail amount of waste liquids diS-
charged into the well (260,000 gallois) before_ the well was sealed
suggests that contamination may be oknfined. within the 36-fodt diaweter
circle formed by the three wells. Other waste disposal units Which!
have absorbed far greater amounts of! wabtes th]4n the 231tW-150 well have
created zones of plutonium contamination of far smaller diameter fdr the
quantity of wastes discharged than t e 30-foot diameter circle aroup.d
the 231§W-150 well. Thus, on the basis of comparison with other units,
the contaminated zone at 231-W-150 lies within the 3 wel.s drilled, and'
need not go to considerable depth. The well stratified Ringold (?)-
formation into which the reverse well penetrates should certainly cause
the waste solutions to spread laterally rather-than vertically. The
clay and silt bed which here forms tietopmost member of the formatq!on
undoubtedly retarded the movement of the solutions and probably sorbed
much of the contamination. The clay arId silt probably aided in sea~lng
the well, by being washed into the casing during discharge of the we.stes
into the well. -

It should be noted here that Table I indicates that the total quantity
of Plutonium discharged from the 231 uilding to the 231 #C Crib was
approximately 3000 grams. This figure is in actuality probably high by
a factor of 10 to 50. The reason fo the existence of the apparent'dis-
crepancy is that the minimum concentration of flutonium in the Wast-
solutions reported by the process control laboratory during the period
that the #1 Crib was used was 0.1 mg/pliter.

The 3000 gram figure was obtained by assuming hat all wVstes reporAdas containing not more than 0.1 mg/liter actually did contain as mubh as0.1 mg/liter. Subsequent analyses or process T-stes indicate that theaverage plutonium content in these discharged wastes was actually between2 x 10- 3 mg/liter and 10-2 mg/liter. Because the 3000 gram, figure'wasused, the ratio of the calculated aotivity and the recorded activity is,/6000>whereas the real ratio may easily te as-good as 1/200

UCLA SSP*JI
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Only about half a gram of plutonium was acoounte& for i- the 231 No.
crib area, although nearly 3 000 grams #erde dischprged from, the 231
Building. The drilling program is believed to have thoroughly delimited
the contaminated tone both laterally a4 vertically; therefore the re-
mainder of the plutonium must be either in or directly beneath the crib
in an area untouched by drilling. Inasmuch as the crib was abandonod
because it was sealed with sludge, these conclusions are probably correct.
No contamination was noted in the three wells drilled adjacent to the
present cribs (trenches), although the $istance of 60 feet is apparently
too great for the contamination to have 'migrated in the 10-month period
that the crib was in use prior to the drilling. Moreover, the cpntamiktion,
as suggested by the 241-T area, the 3614T area, and the 231 No. I crib area,
probably moved to the south, southeast breast, aay from these three Fells
(241-TX group).

361-T Area -

The 361-T area zone of contamination is similar in many respects to that
of the 23t area. A more detailed program of drilling adjacent to the -
crib resulted in a more detailed pioturd ot the zones of contamination
and in a clearer picture of the gross controls apparently governing the
removal of the radioactive elements frou the waste solutions. The
calculated-amounts of plutonium and fission producta also more nearly
approached the recorded amounts discharged into the crib. This is
partly due -to the closer drilling pattcrp and consequently more accurate
determination of the amounts of contamination pres-nt, but probably also
to the fact that the crib is still in use and is not sealed with radio-
active sluage.

The 241-T-361 A reverse well area was not drilled. Well 241-T-361, drilled
to a depth of 287 feet, struck water at depth of 285 feet and was there-
fore never used for a waste disposal uni. Well 4-T-361 A was then
drilled- 27Seet away to a depth of 206.5 feet and yas used for waste
disposal as indicated on the accompanying table. The Immediate area was
not drilled because of the considerable 4epth to the zone of contamination,
the fact that nearly 80 feet of Ringold (') sediments lies between the -
bottom of well 241-T-361 A and the water table, the fact that plutonium
migrated downward only 20 feet in the 36.T tank crib area and should do
likewise in the 241-T-361 A area, and th) fact that water samples from
well 241-T-361 should indicate whether or not the ground water has been
contaminated. To date no samples have b en taken fr this ell.

241-T Area

The 241-T area (201-T tank crib) contmilation zone is characterized by
a large lateral, but small vertical, ext nt as shown on the ontamination
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diagrams. The calculated ra&ioactivity rather closely approached the
recorded radioactivity for both plutoni~m and fission products, which!
together with the large lateral spread for a rather small amount of
waste solution (1,200,000 gallons) as contrasted to the 7,000,000
gallons discharged into the 231 crib indicates that little plutonium
and fission products are concentrated i end beneath the crib.

The large lateral but small vertical exitent of the contamination oontkasts
strikingly with the extent of the contamination in the other areas
drilled. No clay beds or zones were noted at or close beneath the zone
of contamination, neither was any change in the grain size or in the
degree of- sorting noted that should change the permeability of the
sediments. Thus the reason for the spread appears to be due to other-
factors. - --

Careful examination of the drilling logs of the 224 T and the 241-T
wells discloses that in almost every case where the records were complete,
the wells lost water during drilling to a depth at which the contamination
appeared. From that depth downward to the bottcn of the wells, the
water remained in the wells. Wells outside the contaminated zones be-
haved. similarly at corresponding depths. - Thus the sediments at that
depth had a permeability less than that of the sediments overlying thn,
yet no significant change was noted in the sampleS.

A comparison between the 231, 241-T and 361-T ar5 is develops several
facts of significance. (see plate 1) The direction of contamination
spread in all three locations is betwee south and west, The upper
surface of the clay bed, indicated as e uppermost bed of the Ringol.
(?) formation, strikes about N. 310 W, dips about 10 SW, as calculated
from the depths to the bed in allthreo areas drilled. This attitude is
corroborated by a fourth point, a zefraection seismic line shot by the - -

U. S. Army Corps of Engineers, which indicated Ringold sediments at an
altitude df 516 feet, at a point at N. 34,400 and W. 62,300. This is
further corroborated by Durand Well 13/5 33 Dl, location about N. 48,800
and W. 95-000, which reputedly encounteted Ringold sediments at an
altitude of 714 feet. If we calculate the altitu.e of the formation
from the seismic line information, the Durand well, and from the 241-T,
361-T and 231 area wells, we obtain a strike of N. 650 E. and a dip of 10
SE.

The elevation of the water table in all three areas drilled discloses:
that its gradient is about I foot in 100 feet ina direction 8. 544 E.
This gradient is considerably greater than that in the 200-Bast area,
where it approximates 1 foot in 1,000 feet. This is due to three factors-
(1) the ground water in the 200-West saea is entirely in the Ringold (?)
formation, whose sediments are of loweI permeability than the sediments
of the redent alluvium. Thus a steeper water table gradient may be ex-
pected. (2) The 200-West area is near the Rattlesnake and Yakima Panges

VIC-
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which supply considerable ground water to the area. Thus the water
table gradient will steepen in that direction, (3) Up to 2,000

gallons a minute (1,000,000 to 1,500,000 gallons per day) of effluent
and sanitary (non-radioactive) water are discharged on the ground and
allowed to percolate into the sediments only a short distance north of
the 241-T area. (see plate 1). This i the equivalent of about 4
acre feet of water per day, which, if ye assuma he average porosity
of the sediments is 20 percent, wili s5.turate one acre of sand and
gravel to a depth of 20 feet, and willVraise the water table by an
amount determined by the rate at whichthe water can move downward tq
the water table and outward from the discharge area. This local raising
of the water table is suggested by Durand well 13/25 33D1, which rer
putedly encountered water at an altitude of 410 feet, lower than that of
the water table in well 224-T-4 of 440 feet.

The direction of dip of the Ringold formation and the direction of
spread of the contamination thus indicate that any water added to the
sediments above the water table will move southward as it moves down-
ward. Thus, the effluent and sanitary water poured on the ground north
of the 241-T area probably moves largely to the south, down the dip of
the upper surface of the Ringold (?) f rmation before it penetrates to
the water table. If the water remains'above the clay bed,' it will pass
beneath the 241-T area and either saturate or thoroughly moisten the
sediments, in either case forming a wetted zone that would' tend to
support the liquids penetrating downwctd from the 201-tank crib. Thus
the contamination would be confined tol a- narrow vertical zone at or
near the-top of the wetted zone, but woud be spread laterally for s.me
distance-

Total Quantity of Wastes Discharged

A total of nearly 18,000,000 gallons of radioactive waste pas thus been
discharged into the sediments underlying the 200-West area, up to December
1, 1947. This waste contained a recorded amount_ of about 3,400 gramd of
plutonium and 50 curies of fission products, none of which is known or
believed to have penetrated to the water table. Thus the monetary saving
of this method of waste disposal over that of tank storage is considerable.
Moreover, barring unforseen conditionsa the contamination Is safely bound
with the sediments in a state where it can cause-little danger in the
future. - --

Controls Contributing to Removal of Raaioactive Contaminat~on from Waste
Solutions

A number of factors are of significan4 in removing radioactive contam-
ination fram the waste solutions. Thelgtoss controls are well demontrated
on the cross sections accompanying this report, _The permeability of the
sediments is of paramount importance in obtaining a flow of liquid away
from the waste disposal unit, but high permeability is itself detrimental

DECIASSFIL
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to the confinement of the radioactivitt. The ideal conditions are

apparently a series of flat, or nearly flat-lying sediments of varying
permeability, so that the waste solutions, although moving downward,
are also -spread laterally. The zones of contamination are, thus easier

to explore by drilling, and a more pos tive check is had of the extent

and intensity of the contamination, an4 of its movement.

The 200-West area is quite ideal for upderground waste disposal. The
recent alluvium is generally well stratified, and consists of alternating
layers of sand arid gravel of varying pormeability. Beneath the alluvium
is the Ringold (') formation at a depth of about 110 feet, topped by
a bed of pale bu~i-colored, nearly impormeable, fine-grained sand, silt
and clay, from 20 to 50 feet thick. This particular clay bed was re-
cognized beneath the 231 area, the 361P area, atd the 241-T area and

is presumably continuous throughout thb entire 20-West area. It
therefore creates the optimum conditions for localization of the con-

tamination above the water table.

Probably also important is the belief that the waste liquids must not

move too rapidly, although what speed this is is not known. The best
results to date have been obtained with fine - to medium-grained sands

(from 1/8 to 1/2 mm. in diameter), altiough results are far from con-
clusive as yet. Sands of this grain size, if clean, are quite permeable,
yet the pore spaces are small enough s that the waste liquide, and the

radioactive products, are constantly close to the surfaces'of the sand
grains. -

A sample of the highly contaminated said from the 22-foot level of well

361-T-6 was size sorted into five size fractions, in order to test the
change in amount of contamination with change in grain size, The sizes
separated were as follows,

1. Passed by 32 mesh
2. Passed by 32 mesh, retyined by 100 mesh

3. Passed by 100 mesh, retained by 150 mesh
4, Passed by 150 mesh, but can be d ntrifuged
5. Cannot be centrifuged

Analyses were made of all size fractions for both plutonium and. fission
products. The results clearly demonstrated that-the amount of contai-
ination was directly dependent on the purface area of the grains, and
therefore on the size of the grains. The fission products, at least,
to a certain extent, undoubtedly also enter into the crystal structure
of the clay minerals. The test descriped above was, however, far too
incomplete to detect any increase in t4e radioactivity of the clays

above the theoretical figure based on surface deposition oaly. There-
fore, the smaller the grain size, the greater will be the total surface
area exposed to the solutions, and the: more effeOtive will be the re-
moval of -the contamination.



UECI.SM i
aM

Page

EW- 9671

The contamination is apparently well fixed on the surfaces of the sa4d
and is not easily removed by ordinary 'ater. A soil column test was,
made to test this possibility, in which radioactive solutions, containini
approximately the radioactivity of the waste solutions, were passed
through a column of sample material. The radioactivity was removed from
the solution by the material, and when pure water was poured through the
column the amount of contamination rembved was negligible.

Higher activity wastes can apparently be safely-discharged into the ground.
A few figures can be cited, showing th relative concentrating ,effeot by
the sand _on the radioactive contamination.

4.

361-T tank analysis Sample analysis, well 36141-6
depth 22 feet

Alpha 8.7 x 10-curies Pu/liter -560 microgams Pu/ kilogram
Beta - 2.5 x 10 curies/ liter
Gamma 6.1 x 10- 8 curies/ liter 100 miqLocuries/ ailogram

If we assume that the contamination isiremoved from the soution and
deposited on the sand grains purely as a surface-phenomenon, then three
liters of- sand, with an average porosity of 30 - 35 percent (average
for this type of sand) will be able toKcontain one liter of water. The
specific -gravity of the sand is about .9., so that three kilograms of
sand will be contained in one liter ofl and.- Therefore 9 kilogrms df sar
will be able to contain the one liter of water. The concentration factor
is thus as follows: -

560 micrograms Pu/ kg., 5040 microjras Pu/ -9 kg= 3151 -i- 6 curies Pu
100 nlicrocuries FP/kg.= 900 microodr is FP/ 9 kg. 900 x 10-6 curies F.P.

And:315 f10-6 : 8.7 x 10-7 . 362 : 2.

Therefore the highest contaMination of the sand 6ncountere in the 36 -T
area represents a concentration of 3621: 1 over the contam nation of the
original solution, for plutonium. - -

Similarly:

900 --- 6  25.61 x in-= 351 : (betaplis gam)

The highest concentration of fission pmjoducts in the sand from the 361-T
area is therefore 351: 1 over the contamination of the ori inal solution.

By similar means, the concentration incthe 224-T (201-T tank) crib arpa
was determined to be 10:1 for plutoni#, 'and 14:1 for the fission products
(beta plu gamma). For the 231 area, the concentraticn factor was ne ative,
that is the plutonium in the highest c ntaminated sample encountered was
1/10 the concentration of the plutoni in the original waste solutioz.

t
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The above calculations are extremely rough. The- concentratiop is
apparently dependent on the surface az ea exposed to the solutions, axid
therefore on the grain size, whereas ~e above calculations gre based
on a volume relationship between the tontamination in the waste liquid,
and the volume of sand necessary to co tain that amount oft waste liquid.
The concentration factor in the 361T x i cleafly indicates that high-
er activity wastes can be discharged into the ground under the right
conditions. Many laboratory experiments must be made, however, before
definite conclusions can be reached as to the deGree of higher activity
that can be discharged into the ground, dr the rate at whi'ch such dis-
charge can be made. -

Underground waste disposal in the 200-est area has been successful to
date. Indications are that it will be feasible for a considerable period
of time because not only is the contam nation removed and concentrated
from the .waste solutions, thereby remoking the necessity or storing
the water, but because the waste is concentrated in areas where it can
be periodically checked and observed. OWly observations over a period
of several years can positively detenmne the effectiveness of under-
ground waste disposal. Present concluhions strongly recommend further
investigation into the possibility and feasibility of underground waste
disposal in this and other areas, and the means for further improving
the present system of disposal. Many taboratorytests will have to be
made to determine the degree of fixatipn-or the radioactive materials
on the different types of sediments, the maximum concentration that can
be built up on the grains, and the effectlveness of clay and silt in
adsorbing and absorbing the contamination. As many as 5 ot 6 factors
may control the removal of the radioactive materials from the waste
liquids, an& the absence of any one of these may easily prevent such
removal. Further work, both in the laboratory and in the field is
certainly vital.

Table I also gives a rough indication Of the effectiveness of dry (o
reverse) wells, cribs and trenches. W11 231-W-150 plugged after
only 260-000 gallons of waste had beenl dischargea into it, whereas
the No. 1 crib absorbed 7,100,000 gallons. The present 23. cribs
(trenches) will presumably absorb considerably greater amounts than the
crib. Other comparisons can not be made because all other waste disposal
units are still in service. The effectiveness of' a unit, and__the rate
at which it will absorb waste liquids are obviously directly related
to the area of sediments directly exposed to the waste liquids, through
which the liquids can percolate. For that reason the larger the area,
the greater the effectiveness. Wells are generally not satisfactory
for other than small amounts of waste for the following reasons:
1, They must be deep to be able to contain even..a moderate amount of:
liquid, and therefore must penetrate much oloser to the water table than
shallow, but larger, cribs. 2. Wellsperforated over a considerable-
depth will be subject to the washing in of sand, silt and clay which
will rapidly reduce the effectiveness of the unit. 3. The area of

flECLV04 j -.
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sediments exposed to the solutions islextremely-small compared' to the
area exposed in a crib. 4, Contamintion is much harder to trace
and delimit in a deep well area than in a shallow crib area.

CONCLUSIONS

Results -obtained from the drilling program to date have far exceeded.
expectations. The method of drilling~has proved adequate and satisfactory,
the information obtained has demonstrated that underground waste dis6osal
is feasible, and, the conclusions reached have encouraged the fprther ex-
pansion and development of the program.

FUTURBE DMVLO1ENT

Future development of the waste dispotal program rests on two main problems.
The first of these is the behavior of the wastesproducts nderground as
they are- discharged into the ground, .nd their behavior with the passage
of time._ The pictures obtained to dae are static, that is were obtained
at a specific time and do not show th4 changes that probably will ocpur,
even without the discharge of more wastes. The wells drilled in the 241-T
2nd cycle crib and tile field area were drilled prior to the opnstruption
of the crib and tile field.. These wells will be sampled periodically
during the use of the crib with the casing sampler recently debigned-
and built. This sampler will obtain samples of-the sediments through
the well-casing and will permit deterrination of the chansing radio-.
activity of the sediments as the crib is used. 

-

The second problem is to determine th depth to and the direction of
movement of the ground water throughoit the area inmediatoly surrounding
the 200-West area, as part of the general grounvd-water an geologic tudies
of the entire Hanford Works region. Several wells will be dralled tp the
north, to the west, and to the south 4 the area, to expand the geolpgic
and ground water information already 6btained in the 200-West area.
Some of these wells will be drilled t further explore the effect of
the effluent water spreading on the ground water table, and to explote
the possibility of discharging the effluent andsanitary water at a point
several miles from the area to eliminate interference with the underground
waste disposal in the 200 area. . -

Drilling-at the present time is being concentrated in the 200-East area,
where problems both similar to and unlike those in the 20Q-West area have
been encountered. The description of these problems, and the results
obtained from the investigation and drilling will be described in a Later
report, on completion of the work in that area.- Experiments to determine
the effectiveness of the sediments in removing the radioactivity fron the
waste solutions are also being carried on in conjunction with the drtling
program. -

flCIAss!q[B IUMP
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